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@ Charge pump in a phase lock loop. 

@ A charge pump (16) in a phase lock loop equalizes the charge and discharge currents flowing into the filter 
capacitor (20) independent of the loop node voltage for providing a linear VCO output frequency. The potential at 
the output of the charge pump determines whether the charging/discharging current is decreased or increased. 
An active up control signal to increase VCO output frequency and a low level potential at the output of the 
charge pump limits the charging current to the loop filter while Increasing the discharge current. An active down 
control signal to decrease the VCO output frequency and a high potential at the output of the charge pump limits 
the discharging current while increasing the charge current. The voltage change at the output of the charge 
pump in response to the up control signal is made equal to the voltage change during the down control signal 
for providing equal charge and discharge currents to the loop filter independent of the loop voltage. 
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Background of the Invention 

The present Invention relates in general to charge pumps and, more particularly, to a charge pump in a 
phase lock loop, 

5 A conventional phase lock loop (PLL) generally includes a phase detector for monitoring a phase 

difference between an input signal and an output signal of a voltage controlled oscillator (VCO). The phase 
detector generates an up control signal and a down control signal for a charge pump to charge and 
discharge a loop filter at the input of the VCO. The loop voltage developed across the loop filter determines 
the output frequency of the VCO. The up and down control signals drive the VCO to maintain a 

10 predetermined phase relationship between the signals applied to the phase detector, as is well understood. 

The charge pump of the prior art PLL may include a p-channel charging transistor and an n-channel 
discharging transistor serially coupled between a positive power supply conductor (5.0 volts) and ground 
potential. A resistor, say 60K ohms, is connected between the interconnection of the drains of the p-channel 
and n-channel transistors and the loop filter to sourcing and sinking current thereto. The current flowing 

15 through the charging transistors is proportional to their drain-source potential (Vds). according to a well 
known relationship. Unfortunately, the current from the charging transistors becomes non-symmetrical when 
the loop voltage is less than about 1.6 or greater than 3.0 volts. For example, if the charge pump receives 
an up control signal to charge the loop filter and the loop voltage is driving the VCO with say 1 .0 volt, the 
Vos of the p-channel transistor is 5.0-1.0 = 4.0 volts. Alternately. If the charge pump receives a down 

20 control signal to discharge the loop filter while the loop voltage Is 1.0 volt, the Vds of the n-channel 
transistor is 1 .0-0.0 = 1 .0 volt. The difference in Vps of the p-channel and n-channel transistors given the 
same loop voltage causes non-symmetrical charging and discharging currents. 

A similar problem occurs with the up and down control signals when the loop voltage is operating at a 
high voltage. In this case, the Vds of the n-channel transistor Is greater than the Vds of the n-channel 

26 transistor given the same loop voltage. Again, the non-symmetrical charging current as a function of the up 
and down control signals and loop voltage tends to produce a non-linear change in loop voltage. Thus, while 
the frequency versus loop voltage is approximately linear between say 1.6 volts and 3.0 volts, it becomes 
non-linear between 0.0 to i.6 volts and between 3.0 and 5.0 volts. The non-symmetrical charging current 
from the charge pump makes achieving phase lock more difficult in PLLs. 

30 Hence, a need exists for a charge pump in a PLL for providing a linear charging current to the loop filter 
independent of loop voltage. 

Brief Description of the Drawing 

36 FIG. 1 is a block diagram illustrating a PLL; 

FIG. 2 is a schematic diagram illustrating the charge pump of FIG. 1; and 
FIG. 3 Is a waveform plot useful in the explanation of the present invention. 

Detailed Description of the Preferred Embodiment 

40 

A phase lock loop (PLL) 10 is shown in FIG. 1 suitable for manufacturing as an integrated circuit using 
conventional integrated circuit processes. An input signal is applied at a first input of phase detector 14 
which generates an UP control signal and a DOWN control signal for charge pump 16. The output of charge 
pump 16 drives loop node 18 for charging and discharging loop filter 20 which may comprise a capacitor 

46 coupled between loop node 18 and ground potential. The loop voltage at loop node 18 controls voltage 
controlled oscillator (VCO) 22 for generating an oscillator signal OSCOUT at output 24. The oscillator signal 
of VCO 22 is divided through divide-by-N circuit 28 (N = 16) for providing an OSCOUT/N signal as applied 
at a second input of phase detector 14. 

An UP control signal increases the loop voltage to increase the output frequency of VCO 22 while a 

60 DOWN control signal reduces the loop voltage to decrease the output frequency of VCO 22. The mutually 
exclusive UP and DOWN control signals drive VCO 22 to maintain a predetermined phase relationship 
between the signals applied at the first and second inputs of phase detector 14. The pulse width of the UP 
and DOWN control signals determines the amount of charge transferred to the loop filter. The greater the 
phase difference between the input signal and the OSCOUT/N signal, the greater the pulse width of the UP 

66 or DOWN control signal to drive the loop toward the predetermined phase relationship. 

Turning to FIG. 2. charge pump 16 is shown in further detail Including transistor 30 having a gate 
receiving the UP control signal from phase detector 14. The source of transistor 30 is coupled through 
transistor 32 to power supply conductor 34 operating at a positive power supply potential Vqo (5.0 volts). 
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The drain of transistor 30 is coupled to node 36. Transistor 38 is configured as a diode k)etween power 
supply conductor 34 and the drain of transistor 39. The gate of transistor 39 is coupled to power supply 
conductor 34, and the source of transistor 39 is coupled to the drain of transistor 40 and to the gate of 
transistor 32 at node 42. Transistor 40 also includes a gate coupled to node 36 and a source coupled to 

5 power supply conductor 44 operating at ground potential. 

Charge pump 16 further includes transistor 46 having a gate receiving the DOWN control signal from 
phase detector 14. The source of transistor 46 is coupled through transistor 48 to power supply conductor 
44; and the drain of transistor 46 is coupled to node 36. Transistor 50 is configured as a diode between 
power supply conductor 34 and the drain of transistor 52 at node 53. The gate of transistor 48 is also 

10 coupled to the drain of transistor 52 which includes a gate coupled to node 36 and a source coupled to 
power supply conductor 44. The transient voltage developed at node 36 is filtered by resistor network 54-64 
and loop filter capacitor 20 to prevent overshooting at loop node 18. Resistors 54, 58 and 62 may be 
selected at 1800 ohms each while resistors 56. 60 and 64 are selected at 360 ohms. In steady-state 
operation with minimal charging current flowing, the voltage at node 36 is substantially equal to the loop 

75 voltage at node 18. 

Assume loop node 18 is operating at a lower potential, say 1.0 volt as shown in FIG. 3 at time ti, and 
the UP control signal is active (logic zero pulse) to increase the voltage at loop node 18 and drive VCO 22 
toward an increasing output frequency. A low potential at node 36 creates the need for a weaker charging 
current and stronger discharging current because of the inherent non-symmetry in current flow due to 

20 differences in Vps of transistors 30 and 46 depending on loop node voltage, as noted in the background- 
Accordingly, the lower potential at node 36 reduces the conduction through transistor 40 to establish a 
voltage of say 3.2 volts at node 42. thereby decreasing the Vqs and current flow through transistor 32. A two 
nanosecond UP control signal enables transistor 30 to charge node 36 and increase its voltage by say DV1 
(10 millivolts). However, the higher potential at node 42 limits the current flow through transistor 32 and 

25 therefore the charging current through transistor 30 and resistor network 54-64 into filter capacitor 20. 
Transistor 39 maintains transistor 32 at least at. a minimum conduction threshold even for a minimum 
voltage at node 36. Transistors 32 and 48 continue at least a mfnimum state of conduction at all times. 

The same lower potential at node 36 also reduces the current flow through transistor 52 and establishes 
a higher voltage at node 53 of say 3.8 volts, see FIG. 3. Transistor 48 turns on harder with a greater Vqs 

30 such that a two nanosecond enabling DOWN signal (logic one pulse) from phase detector 14 conducts a 
larger discharging current from node 36. The voltage at node 36 decreases by say DV2 during the DOWN 
signal. 

Thus, the present invention limits the current flow through resistor network 54-64 and filter capacitor 20 
during an UP control signal by sensing the low voltage at node 36 with transistor 40 and reducing the 

35 conduction through transistor 32. The DV1 pulse at node 36 during an active UP control signal is thus 
current limited. Similarly, transistor 52 senses the low steady-state voltage at node 36 and increases the 
discharge current through transistors 46 and 48 during the DOWN control signal. The DV1 pulse during the 
UP control signal should be made approximately equal to the DV2 pulse during the DOWN control signal 
for providing equal charge and discharge currents to the loop filter independent of the loop voltage. 

40 Now consider loop node 18 operating at a high potential, say 4.0 volts as shown in FIG. 3 at time t2. In 
this case, the higher potential at node 36 creates the need for. a stronger charging current and weaker 
discharging current. When the UP control signal is active, the higher potential at node 36 turns on transistor 
40 harder, thereby decreasing the voltage at node 42 and increasing the current flow through transistor 32. 
A two nanosecond UP control signal enables transistor 30 to conduct and charge node 36 by DV1 (10 

45 millivolts). The higher potential at node 42 increases the current flow through transistor 32 and the charging 
current through transistor 30 and resistor network 54-64 into filter capacitor 20. The same high potential at 
node 36 also increases the current flow through transistor 52 and decreases the voltage at node 53, see 
FIG. 3. Transistor 48 conducts less current such that a two nanosecond DOWN signal from phase detector 
14 conducts a smaller discharge current from node 36. 

50 Again, the present invention maintains equal charge and discharge currents through resistor network 54- 
64 and filter capacitor 20 by Increasing the charge current during the UP control signal by sensing a high 
voltage at node 36 and increasing the conduction of transistor 32. Similarly, transistor 52 senses the high 
steady-state voltage at node 36 and decreases the discharge current through transistors 46 and 48 during 
the DOWN control signal. The DV2 pulse at node 36 during an active DOWN control signal is thus current 

55 limited. The DV1 pulse during the UP control signal is made equal to the DV2 pulse during the DOWN 
control signal. 

By sizing transistors 30-52 appropriately, the charging current may be made equal to the discharging 
current independent of the steady-state loop node voltage. The following table illustrates possible transistor 
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dimensions: 



Transistor 


Gate width/length (microns) 


30 


24/8 


32 


48^8 


38 


28/8 


39 


12/8 


40 


10/8 


46 


8/24 


48 


12/8 


50 


36/8 


52 


16/8 



For medium range steady-state voltages at loop node 18, transistor 40 and 52 maintain the proper 
voltages at nodes 42 and 53. respectively, to control transistors 32 and 48 such that the charging current 
during an UP control signal is equal to the discharging current during a DOWN control signal independent 
of loop node voltage. The DV1 pulse (30 millivolts) during the UP control signal is made approximately 
equal to the DV2 pulse during the DOWN control signal. Thus, the loop node voltage changes linearly over 
its entire range and the output frequency of VCO 22 remains linearly over the range of loop node voltages. 
The symmetrical charging currents from charge pump 16 is advantageous for PLL 10 in readily achieving 
phase lock. 

While specific embodiments of the present invention have been shown and described, further modifica- 
tions and improvements will occur to those skilled in the art. It is understood that the invention is not limited 
to the particular forms shown and it is intended for the appended claims to cover all nnodifications which do 
not depart from the spirit and scope of this invention.- 

Claims 



1. A circuit, comprising: 

a first transistor (30) having a gate, a drain and a source, said gate receiving a first control signal, 
said drain being coupled to an output of the circuit; 

a second transistor (32) having a gate, a drain and a source, said source being coupled to a first 
power supply conductor, said drain being coupled to said source of said first transistor; and 

a third transistor (40) having a gate, a drain and a source, said gate being coupled to said output of 
the circuit, said drain being coupled to said first power supply conductor and to said gate of said 
second transistor, said source being coupled to a second power supply conductor. 

2. The circuit of claim 1 further including: 

a fourth transistor (39) having a gate, a drain and a source, said source being coupled to said drain 
of said third transistor, said gate being coupled to said first power supply conductor; and 

a fifth transistor (38) having a gate, a drain and a source, said gate and drain being coupled 
together to said drain of said fourth transistor, said source being coupled to said first power supply 
conductor. 

3. The circuit of claim 2 further including: 

a sixth transistor (46) having a gate, a drain and a source, said gate receiving a second control 
signal, said drain being coupled to said output of the circuit; 

a seventh transistor (48) having a gate, a drain and a source, said source being coupled to said 
second power supply conductor, said drain being coupled to said source of said sixth transistor: and 

an eighth transistor (52) having a gate, a drain and a source, said gate being coupled to said output 
of the circuit, said drain being coupled to said first power supply conductor and to said gate of said 
seventh transistor, said source being coupled to said second power supply conductor. 

4. The circuit of claim 3 further including a ninth transistor (50) having a gate, a drain and a source, said 
gate and drain being coupled together to said drain of said eighth transistor, said source being coupled 
to said first power supply conductor. 
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5. A method of equalizing charge and discharge currents through a charge pump, comprising the steps of: 

activating a first control signal to source the charge current into an output of the charge pump; 
activating a second control signal to sink the discharge current from said output of the charge 
pump; 

sensing a potential at said output of the charge pump; 

limiting current flowing into said output of the charge pump upon activating said first control signal 
and sensing said potential at said output of the charge pump at a low level; and 

increasing current flowing from said output of the charge pump upon activating said second control 
signal and sensing said potential at said output of the charge pump at a high level. 

6. The method of claim 5 further including the steps of: 

increasing current flowing into said output of the charge pump upon activating said first control 
signal and sensing said potential at said output of the charge pump at said high level; and 

limiting current flowing from said output of the charge pump upon activating said second control 
signal and sensing said potential at said output of the charge pump at said low level. 



5 



EPO 583 586 A1 



INPUT 
SIGNAL 



14 

PHASE 
DETECTOR 



UP 
DOWN 



OSCOUT/N 



DIVIDE 
BY N 



UP 


16 
^ 


IS 


22 




CHARGE 

PUMP 






vco| 




H 


DOWN ' 







OSCOUT 
^24 



28 



t 

10 



20 



LOOP 

FILTER 




<EP 05e3586A1J_> 



6 



EP 0 583 58d A1 




J 



European Patent EUROPEAN SEARCH REPORT 

Office EP 93 11 0582 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



8 

1 
S 
o 
o 



Citation of document with indication, where appropriate, 
of relevant passages 



EP-A-0 415 649 (DELCO ELECTRONICS 
CORPORATION) 

* column 3, line 58 - column 4, line 19; 
figure 1 * 

* column 4, line 48 - column 5, line 30 * 

* column 8, line 12 - column 10, line 25 * 

IBM TECHNICAL DISCLOSURE BULLETIN. 

vol. 33, no. 9 , February 1991 , NEW YORK 

US 

pages 332 - 333 XP109567 
'DIFFERENTIAL CHARGE PUMP' 

* the whole document * 

EP-A-0 334 980 (DEUTSCHE ITT INDUSTRIES 
GMBH) 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 14, no. 239 (£-930)21 May 1990 

& JP-A-02 063 219 (NEC CORP.) 2 March 1990 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 13, no. 459 (£-832)17 October 1989 
& JP-A-01 177 867 (NEC CORP.) 14 July 1989 

* abstract * 



The prciient scurch report has been drawn up for oil cfajniis 



n«cc of scartk 



THE HAGUE 



Relevant 
to dairo 



a.ASSIH<;ATION Ol- I HE 
APPIJCATION Ont.CLS) 



H03L7/089 



5.6 



5.6 



1-6 



1-6 



f>MK of cAMfvldioa of \kt icarck 

12 November 1993 



TfrOINiCAL HELDS 
SRARCilED Ont.U.5) 



H03L 
H03D 
H03K 



BALBINOT. H 



CATEGtJRY OK Ci l Kl) DOt l.MtA IS 

X : particularly relevant if taken atone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non*written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
K : earlier patent document, but puUisbed on, or 

after the fiUnK date 
I) : document cited in the application 
I. : document dted for other reasons 

A I member of the same patent family, corresponding 
document 



OOCID: <EP 0583S86A1 J.> 



